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HERMETICALLY SEALED FIBER TAIL ASSEMBLY 


BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the mechanical and optical connection of optical 
fibers within an optical system, and more particularly, to a hermetically sealed fiber tail 
assembly for connecting optical fibers to an optical device 

[0002] Optical fiber networks provide high-capacity communications with increased 
reliability at greatly reduced costs. Such networlcs often include components that are 
both sensitive to environmental conditions,and installed in harsh environments. Further 
improvement in the reliability and cost of communications requires protection of optical 
components fi*om such environments. 

[0003] In an optical network, optical fibers are typically connected to optical 
components such as signal transmitters, modulators, signal testers, switches, fiber splices, 
signal splitters, amplifiers, or receivers. A fiber tail assembly ("FT A") may be placed on 
the optical fiber and the optical component to facilitate mechanical and optical coupling 
between the two. Optical components may be hermetically sealed in a device housing to 
prevent the device's being damaged by seepage of extemal elements into the package. 
However, in order to maintain a hermetic seal and protection of an optical component, the 
FTA must also be hermetically sealed to the fiber and to the component. 
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[0004] A component may be hermetically sealed to an optical fiber by metalizing the 
fiber and soldering a component to the metahzed fiber surface. However, fiber 
metaUzation can reduce the strength of the glass fiber by introducing high surface stress, 
usually from slippage and/or metal spiking in the first adhesion layer that contacts the 
glass surface. Therefore, metalized fibers can be weak and break during assembly or, 
worse yet, while operating in the field. 

[0005] Fiber metalization can also induce stress in the fiber that is not symmetric about 
the fiber axis. Such asymmetric stress can produce an asymmetric change in the fiber's 
t refractive index that degrades the performance of polarization maintaining fiber ('TMF") 

CI by reducing its ability to maintain the polarization state of light that it carries. 

m 

Id 


Furthermore, if melting temperatures of the metalization layer and the hermetic seal of 
'f* the FTA are not sufficiently high, then the fiber metahzation or the hermetic seal may be 

destroyed when the FTA is sealed to an optical component. 
iL [0006] Thus, there is a need for an FTA that can be hermetically sealed to an optical fiber 

tl-^ and to an optical component reliably and without damaging the mechanical or optical 

m 

'\l properties of the fiber. 

o 
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SUMMARY OF THE INVENTION 

[0007] The present invention provides a hermetically sealed fiber tail assembly that 
prevents weakening or breaking of the optical fiber. The fiber tail assembly protects the 
fiber from tensile or compressive axial stress. The fiber tail assembly exerts only a low 
and symmetric transverse stress on the fiber, thereby avoiding changes in the fiber's 
birefringence or optical polarization properties, such as a polarization maintaining fiber's 
ability to maintain the polarization state of hght it carries. The present invention includes 
an outer sleeve that may be hermetically sealed to an optical device; a sealing ferrule 
interior to the outer sleeve that holds the fiber; hermetic seals between the fiber, the 
sealing ferrule and the outer sleeve; and fiber stress relief The present invention also 
provides methods for forming the same. 
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[0008] The foregoing general description and the following detailed description are 
merely exemplary and explanatory and are not restrictive of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The accompanying drawings, which are incorporated in and constitute a part of 
this specification, illustrate exemplary embodiments of the invention and, together with 
the description, serve to explain the principles of the invention. In the drawings: 
[0010] Figure 1 illustrates an exemplary fiber tail assembly that includes an outer sleeve, 
a sealing ferrule that is hermetically sealed to the outer sleeve and to an optical fiber, and 
a stress relief tube, in accordance with the present invention. 

[0011] Figure 2 illustrates an aUemative exemplary embodiment of fiber tail assembly, 
like that of Figure 1, that also includes a spacer tube between the seaUng ferrule and the 
stress reUef tube in accordance with the present invention. 

[0012] Figure 3 illustrates an altemative exemplary embodiment of fiber tail assembly, 
like that of Figure 2, that includes two stress rehef tubes in accordance with the present 
invention. 

[0013] Figure 4 illustrates an exemplary fiber tail assembly that includes a cap ferrule 
that is attached to the optical fiber and inserted into the outer sleeve in accordance with 
the present invention. 

[0014] Figure 5 illustrates an altemative exemplary fiber tail assembly that includes a cap 
ferrule that is attached to the optical fiber and inserted into the outer sleeve in accordance 

with the present invention. 

[0015] Figure 6 illustrates an exemplary fiber tail assembly, like that of Figure 5, that 
also includes a spacer tube in the cap ferrule, in accordance with the present invention. 
[0016] Figures 7a through 7e schematically show an exemplary method of forming the 
exemplary fiber tail assembly of Figure 2, in accordance with the present invention. 
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[0017] Figures 8a through 8e schematically show an exemplary method of forming the 
ahemative exemplary fiber tail assembly of Figure 6, in accordance with the present 
invention. 

[0018] In the drawings, where the different embodiments have similar structures, the 
same reference numbers are usually used. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] Reference will now be made in detail to the present exemplary embodiments of 
the invention illustrated in the accompanying drawings. Whenever possible, the same 
reference numbers will be used throughout the drawings to refer to the same or like parts. 
[0020] The present invention is particularly useful in the connection of optical fibers to 
optical components in optical communications networks. Figure 1 illustrates an 
exemplary fiber tail assembly 12 that includes an outer sleeve 2 with a front Section A 
and a back Section B. Fiber tail assembly 12 may hold and be hermetically sealed to an 
optical fiber 1. A part of Section A may be inserted into an optical device's housing, 
attached thereto, and hermetically sealed to the housing, with optical fiber 1 fed through 
the optical device housing. 

[0021] More specifically, Section A may be attached and hermetically sealed to the 
housing of an optical device through any convenient means, for example, through solder, 
adhesive, or mechanical fastening means such as a Une nut with an 0-ring. Outer sleeve 
2 may include any material convenient to hermetically sealing, such as metal, metal alloy, 
glass, ceramic or metalized ceramic. For example, outer sleeve 2 can be comprised of a 
low-expansion alloy such as KOVAR or other material that can be soldered to the 
housing using a lead-tin solder or other low temperature solder. 
[0022] Outer sleeve 2 includes an axial bore with a fi*ont bore diameter, a back bore 
diameter, and a firont face. The firont bore diameter extends substantially through Section 
A, and the back bore diameter extends substantially through Section B. The fi-ont and 
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back bore diameters may be different, and the bore at the front face may be broadened to 
provide a ferrule-receiving recess 3. 

[0023] Fiber tail assembly 12 includes a sealing ferrule 4 that extends from the interior of 
outer sleeve 2 in Section A, through recess 3, and protrudes through the front end of outer 
sleeve 2. The outer-diameter of sealing ferrule 4 may be of any size that facilitates 
insertion into outer sleeve 2, such as 1.25 mm, 1.44 mm, or any size slightly smaller than 
the front inner-diameter of outer sleeve 2. Recess 3 may be of any shape convenient to 
inserting a ferrule therein, such as a flare of the inner-diameter, a counter-sink, or a 
rounded surface. 

[0024] This exemplary sealing ferrule 4 includes a substantially flat surface 5 at its front 
end, a bore through its length, and a fiber-receiving recess 6 in the bore at its back end. 
The sealing ferrule bore may have any inner-diameter convenient to receiving an optical 
fiber that has been stripped of its outside buffer to its cladding, such as a bore diameter of 
300 i^m. Recess 6 may be of any shape convenient to inserting an optical fiber into the 
bore, such as a flare of inner-diameter, a counter-sink, or a rounded surface. Sealing 
ferrule 4 may comprise any material convenient to holding an optical fiber and being 
hermetically sealed, such as metal, glass, or ceramic. 

[0025] Fiber tail assembly 12 may hold an optical fiber 1 that has a stripped section la at 
its front end, which has its outside buffer layer removed to expose its cladding layer. 
Optical fiber 1 may be inserted into fiber tail assembly 12 so that stripped section la 
extends through sealing ferrule 4 and protrudes from the front of sealing ferrule 4 and 
into Section B. Stripped section la is hermetically sealed to sealing ferrule 4 at flat 
surface 5 by a fiber seal 7 that is placed so as to contact and adhere to stripped section la 
and sealing ferrule 4. Furthermore, sealing ferrule 4 is hermetically sealed to outer sleeve 
2 by a ferrule seal 8 that is placed substantially within ferrule receiving recess 3 so as to 
contact and adhere to sealing ferrule 4 and outer sleeve 2, Seals 7 and 8 are comprised of 
any material convenient to forming hermetic seals, such as solder or glass. 
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[0026] Fiber seal 7 may be comprised of a material that flows at a lower temperature than 
does ferrule seal 8 so that fiber seal 7 may be installed after ferrule seal 8 without 
disturbing ferrule seal 8. Likewise, the material that attaches and hermetically seals outer 
sleeve 2 to the optical device housing may have a lower flow-temperature than that of 
fiber seal 7 so that fiber tail assembly 12 may be sealed to the housing, without disturbing 
any existing hermetic seals of the assembly. For example, ferrule seal 8 may be a solder 
that melts at over 600 degrees Celsius (e.g., Cu/Ag solder); fiber seal 7 may be a glass fiit 
preform, with a minimxmi of binder, that has a melting point below 600 degrees Celsius, 
and the seal to the optical device housing may be a lead/tin solder compound having a 
melting point below that of the glass frit. 

[0027] As an example, sealing ferrule 4 may be comprised of cubic zirconia, and outer 
sleeve 2 may be comprised of a low-expansion alloy, such as KOVAR. In this example, 
the cubic zirconia of sealing ferrule 4 may be sealed to both stripped section la and outer 
sleeve 2. Additionally, with the thermal expansion of cubic zirconia closely matching 
that of KOVAR, outer sleeve 2 and sealing ferrule 4 expand at substantially the same 
rate, thereby reducing material stress in both. 

[0028] Any pushing or pulling of optical fiber 1 along its axis may degrade or break the 
hermetic seal of fiber seal 7, or may damage or induce axial stress in stripped section la. 
Stress relief may prevent such damage and axial stress. Fiber tail assembly 12 includes a 
stress relief tube 10a that extends fi"om inside Section B of outer sleeve 2 to protrude 
through the back of outer sleeve 2. Optical fiber 1 passes through stress relief tube 10 
and includes a length of stripped section la, protruding into Section B and extending 
through Section A, and a length of unstripped optical fiber 1, extending fi-om Section B 
and continuing through the back of Section B, as described above. An adhesive 14 
adheres fiber receiving recess 6 to the length of stripped section la that extends into 
Section B, the outer surface of stress relief tube 13 and the inner surface of outer sleeve 2. 
Also, an adhesive 15 adheres the inner surface of stress relief tube 10a to the buffer of 
optical fiber 1 . 
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[0029] Stress relief tube 10a may include any material convenient to the formation of 
fiber tail assembly 12 and protection of optical fiber 1, such as polytetrafluoroethylene or 
other materials that will bond to adhesives. Adhesives 14 and 15 may be any adhesive 
that will adhere, as required, to ferrule 4, stress relief tube 13, optical fiber 1, and stripped 
section la. For example, the adhesives may be epoxy, or other materials, that will 
maintain a bond through the heating process of outer sleeve 2 being soldered to an optical 
device's housing. Figure 1 illustrates a stress relief tube 10a with a diagonally cut end- 
face located inside Section B. However, the end- face of stress relief tube 10a may have 
any shape that is convenient to insertion into Section B and retention and stress relief of 

P optical fiber 1, such as being cut diagonal or perpendicular to the axis of tube 10a or 

IB 

y having an outer diameter taper. Fiber tail assembly 12 may hold any optical fiber 1 that 

is convenient for connection to optical components. For example, optical fiber 1 may be 
,p a single mode fiber, a polarization maintaining fiber, or a multimode fiber. 

j«l [0030] Figure 2 illustrates another exemplary embodiment of fiber tail assembly 12 in 

^"^^ accordance with the present invention. Fiber tail assembly 12 includes an outer sleeve 2 

SI with a Section A and a Section B, a sealing ferrule 4, a ferrule seal 8, an optical fiber 1, a 

fiber seal 7, and a stress relief tube 10a, similar to fiber tail assembly 12 of Figure 1 . 
Furthermore, optical fiber 1 extends through fiber tail assembly, with stripped section la 
extending firom Section B, through Section A, and through the firont of sealing ferrule 4, 
like optical fiber 1 of Figure 1. 

[0031] In this exemplary embodiment, fiber tail assembly 12 also includes a spacer tube 
10b that lies inside of outer sleeve 2, in Section B, between sealing ferrule 4 and stress 
relief tube 10a. Optical fiber 1 passes through outer sleeve 2, and stress relief tube 10a, 
with stripped section la passing through sealing ferrule 4 and part of spacer tube 10b. An 
adhesive 9a adheres fiber receiving recess 6, stripped section la, and a portion of 
unstripped optical fiber 1, similar to adhesive 14 of Figure 1. An adhesive 9b adheres the 
outer surface of spacer tube 10b to the inner surface of outer sleeve 2. An adhesive 9c 
adheres the outer surface of stress relief tube 10a to the inner surface of outer sleeve 2, 
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and an adhesive 9d adheres the inner surface of stress relief tube 10a to the buffer of 
optical fiber 1. 

[0032] Stress reUef tube 10a and spacer tube 10b may include any material convenient to 
the formation of fiber tail assembly 12 and protection of optical fiber 1, such as 
polytetrafluoroethylene or other materials that will bond to adhesives. Adhesives 9a - 9d 
may be any adhesive that will adhere, as required, to ferrule 4, stress relief tube 10a, 
spacer tube 10b, optical fiber 1, and stripped section la. For example, the adhesives may 
be epoxy, or other materials, that will maintain a bond through the heating process of 
outer sleeve 2 being soldered to an optical device's housing. 

[0033] In this exemplary embodiment, fiber tail assembly 12 may hold any optical fiber 1 
that is convenient for connection to optical components. For example, optical fiber 1 
may be a single mode fiber, a multimode fiber, or a polarization maintaining fiber (PMF) 
1 1 with a section of stripped PMF 1 la. However, if material fi'om fiber seal 7 leaks into 
the clearance space between sealing ferrule 4 and a stripped PMF 11a, then the material 
can induce asymmetric stress in stripped PMF 1 la that will effect its optical properties. 
Specifically, asymmetric stress may cause asymmetric changes to the fiber's index of 
refraction that may reduce the fiber's ability to maintain the optical polarization of the 
light it carries. This is especially a problem if fiber seal 7 is comprised of solder and 
sealing ferrule 4 is metal. 

[0034] Therefore, an exemplary sealing ferrule 4 may instead be comprised of a non- 
metal material, such as glass or cubic zirconia, with a smooth bore and a small clearance 
between sealing ferrule 4 and stripped PMF 1 la that does not allow material of fiber seal 
7 to leak into the clearance space. As a fiirther example, adhesive 9a may be uniformly 
formed around the stripped PMF 1 la as it runs from the buffer of PMF 1 1 into recess 6 of 
sealing ferrule 4. Therefore, radial stress on stripped PMF 1 la may be kept low and 
uniform, without inducing asymmetric changes in refractive index or reducing the fiber's 
ability to maintain the polarization of light. 
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[0035] Figure 3 illustrates another exemplary embodiment of fiber tail assembly 12 in 
accordance with the present invention. Fiber tail assembly 12 includes an outer sleeve 2 
with a Section A and a Section B, a sealing ferrule 4, a ferrule seal 8, an optical fiber 1, a 
fiber seal 7, a first stress relief tube 10a, and a spacer tube 10b, similar to fiber tail 
assembly 12 of Figure 2. Also, optical fiber 1 extends through fiber tail assembly, with a 
length of stripped section la, that extends firom part of Section B, through Section A, and 
out through the firont of sealing ferrule 4, like optical fiber 1 of Figure 2. 
[0036] In this exemplary embodiment, fiber tail assembly 12 includes a second stress 
relief tube 10c, that is similar to and lies inside first stress relief tube 10a, between first 
stress relief tube 10a and optical fiber 1. The front faces of first and second stress reUef 
tubes 10a and 10c are located against the back face of spacer tube 10b. The back end of 
second stress relief tube 10c extends through and beyond the back end of first stress reUef 
tube 10a. Adhesives 9a through 9c adhere fiber receiving recess 6, stripped section la, 
unstripped optical fiber 1, spacer tube 10b, first stress relief tube 10a, and outer sleeve 2, 
as in Figure 2. An adhesive 9d adheres the inner surface of second stress reUef tube 10c 
to the buffer of optical fiber 1, and an adhesive 9e adheres the inner surface of first stress 
relief tube 10a to the outer surface of second stress relief tube 10c. The adhesives, 
materials, bore smoothnesses and clearance spaces may be similar to those of fiber tail 
assembly 12 of Figure 2. 

[0037] Figure 4 illustrates another exemplary embodiment of fiber tail assembly 12 in 
accordance with the present invention. Fiber tail assembly 12 includes an outer sleeve 2 
with a Section A and a Section B, a sealing ferrule 4, a ferrule seal 8, a fiber seal 7, and 
an optical fiber 1, with a stripped section la, similar to the fiber tail assembly 12 of 
Figure 1. In this embodiment, fiber tail assembly 12 includes a cap ferrule 28 that has an 
inner bore, which extends through the length of cap ferrule 28. The bore diameter may 
be any size convenient to inserting stripped section la through the length of the bore, 
such as 300 \xm or any size slightly larger than the outer diameter of stripped section la. 
The bore surface may be smooth and may include a fiber-receiving recess 25 at the back 
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end of the bore, so as to facilitate insertion of stripped section la through cap ferrule 28. 
Recess 25 may be of any shape that facilitates inserting stripped section la into the bore, 
such as a flare of inner-diameter, a counter-sink, or a rounded surface. An adhesive 27 
may adhere fiber-receiving recess 25 to unstripped optical fiber 1 and to stripped section 
la. 

[0038] In this embodiment of fiber tail assembly 12, cap ferrule 28 lies inside the bore of 
outer sleeve 2 and protrudes through the back of Section B. Cap ferrule 28 may have any 
outer diameter that facilitates insertion into outer sleeve 2, such as 1.25 mm, 1.44 mm, or 
any size slightly smaller than the inner diameter of outer sleeve, Section B. Cap ferrule 
28 may also include an insertion taper 24 of its outer diameter at its front end. Insertion 
taper 24 may have any shape that facilitates insertion of cap ferrule 16 into the bore of 
outer sleeve 2, such as a taper in outer-diameter, a flat cut-back, or a rounded surface. An 
adhesive 17 may adhere the outer surface of cap ferrule 28 to the inner surface of outer 
sleeve 2 in Section B. Fiber 1 may be inserted into and adhered to cap ferrule 28 prior to 
cap ferrule 28 being inserted into the back of Section B. 

[0039] Cap ferrule 28 may include any material convenient to holding an optical fiber 
and being inserted into outer sleeve 2, such as metal, glass, or ceramic. For example, cap 
ferrule 28 may be comprised of cubic zirconia, and outer sleeve 2 may be comprised of a 
low-expansion alloy, such as KOVAR. In this example, with the thermal expansion of 
cubic zirconia closely matching that of KOVAR, outer sleeve 2 and sealing ferrule 4 may 
expand at substantially the same rate, thereby reducing material stress. Optical fiber 1 
may be of any type that is convenient for connection to optical components. For 
example, optical fiber 1 may be a single mode fiber, a polarization maintaining fiber, a 
multimode fiber, or a polarization maintaining fiber (PMF) 1 1 with a section of stripped 
PMF 1 la. Adhesives 17 and 27 may be any adhesives convenient to the assembly of 
fiber assembly 12, such as epoxy, or other materials, that will maintain a bond through 
the heating process of outer sleeve 2 being soldered to an optical device's housing. 
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[0040] Figure 5 illustrates another exemplary embodiment of fiber tail assembly 12 in 
accordance with the present invention. Fiber tail assembly 12 includes an outer sleeve 2 
with a Section A and a Section B, a sealing ferrule 4, a ferrule seal 8, an optical fiber 1, 
with a stripped section la, a fiber seal 7, and a cap ferrule 16, similar to the fiber tail 
assembly 12 of Figure 4. 

[0041] In this embodiment, cap ferrule 16 includes an inner bore with a front section, 
similar to that of cap ferrule 28 of Figure 4, and a back section 26. Optical fiber 1 may 
extend through the bore with a length of unstripped optical fiber 1 fit into back section 26 
and stripped section la extending through the front section. The bore diameters of the 
fi-ont section and back section 26 may be different and any size convenient to inserting 
optical fiber 1 through cap ferrule 16. For example, the inner diameter of back section 26 
may be slightly larger than the outer diameter of unstripped optical fiber 1, and the inner 
diameter of the firont section may be slightly larger than the outer diameter of stripped 
section la, such as a fi-ont bore diameter of 300 jam and a back bore diameter of 600 |xm. 
[0042] Fiber-receiving recess 25 may be similar to that of Figure 4 except that it is 
located in the bore surface at the boundary between the fi-ont and back sections, so as to 
facilitate insertion of stripped section la through cap ferrule 16. An adhesive 19a may 
adhere fiber-receiving recess 25 to unstripped optical fiber 1 and to stripped section la, 
while another adhesive 19b adheres the inner surface of back section 26 to the outer 
surface of unstripped optical fiber 1 . 

[0043] In this embodiment of fiber tail assembly 12, cap ferrule 16 includes an insertion 
taper 24, lies inside the bore of outer sleeve 2, protrudes through the back of Section B, 
and is adhered to outer sleeve 2, similar to cap ferrule 28 of Figure 4. Cap ferrule 16 may 
similarly include any material convenient to holding an optical fiber and being inserted 
into outer sleeve 2, such as metal, glass, ceramic, or cubic zirconia. Optical fiber 1 may 
similarly be of any type that is convenient for connection to optical components, such as 
a single mode fiber, a polarization maintaining fiber, or a multimode fiber. Adhesives 17, 
19a and 19b may be any adhesive convenient to the assembly of fiber assembly 12, such 
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as epoxy, or other materials, that will maintain a bond through the heating process of 
outer sleeve 2 being soldered to an optical device's housing. 

[0044] Figure 6 illustrates another exemplary embodiment of fiber tail assembly 12 in 
accordance with the present invention. Fiber tail assembly 12 includes an outer sleeve 2 
with a Section A and a Section B, a sealing ferrule 4, a ferrule seal 8, a cap ferrule 16, an 
optical fiber 1, and a fiber seal 7, similar to fiber tail assembly 12 of Figure 5. In this 
example, fiber tail assembly 12 also includes a spacer tube 20 that lies inside of and 
extends out of the back of back section 26 of cap ferrule 16. Optical fiber 1 passes 
through spacer tube 20, with stripped section la extending beyond spacer tube 20 through 
the front section of cap ferrule 16, through outer sleeve 2 and the front of sealing ferrule 
4. 

[0045] An adhesive 19a may adhere fiber-receiving recess 25 to unstripped optical fiber 
1 and to stripped section la, while another adhesive 19b adheres the inner surface of back 
section 26 to the outer surface of spacer tube 20, and an adhesive 21 adheres the outer 
surface of unstripped optical fiber 1 to the inner surface of spacer tube 20. Adhesives 17, 
19a, 19b and 21 may be any adhesive convenient to the assembly of fiber assembly 12, 
such as epoxy, or other materials, that will maintain a bond through the heating process 
of outer sleeve 2 being soldered to an optical device's housing. 
[0046] Figures 7a-7e illustrate an exemplary method for manufacturing the exemplary 
embodiment of the present invention shown in Figure 2. Figure 7a illustrates stripping a 
length of optical fiber 1 of its buffer layer to expose its cladding layer, providing stripped 
section la. Figure 7b illustrates inserting sealing ferrule 4 into the bore of outer sleeve 2, 
so that sealing ferrule 4 is substantially in Section A and the front face of sealing ferrule 4 
protrudes from the front end of outer sleeve 2. Figure 7b also illustrates hermetically 
sealing outer sleeve 2 to sealing ferrule 4 through ferrule seal 8. 
[0047] Figure 7c illustrates inserting stripped section la and a length of unstripped 
optical fiber 1 through spacer tube 10b and stress relief tube 10a. Figure 7c illustrates 
inserting the front end of stripped section la through outer sleeve 2 and sealing ferrule 4 
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so that the back end of stripped section la is less than the length of spacer tube 10b 
behind the back face of sealing ferrule 4 and hermetically sealing stripped section la to 
sealing ferrule 4 through fiber seal 7. Figure 7c also illustrates inserting an amount of 
adhesive 9a into fiber-receiving recess 6 and Section B of outer sleeve 2. 
[0048] Figure 7d illustrates sUding spacer tube 10b into outer sleeve 2, Section B, so that 
the front face of spacer tube 10b meets the back face of sealing ferrule 4, and so that 
fiber-receiving recess 6, stripped section la, unstripped optical fiber 1 and spacer tube 
10b are adhered together. Figure 7d also illustrates inserting adhesive 9b so as to adhere 
the outer surface of spacer tube 10b to the inner surface of outer sleeve 2. 
[0049] Figure 7e illustrates sliding stress reUef tube 10a into Section B so that its front 
face meets with the back face of spacer tube 10b, inserting adhesive 9c so as to adhere the 
inner surface of outer sleeve 2 to the outer surface of stress relief tube 10a, and inserting 
adhesive 9d so as to adhere the inner surface of stress relief tube 10a to the buffer of 
optical fiber 1. 

[0050] Figures 8a-8e illustrate an exemplary method for manufacturing the exemplary 
embodiment of the present invention shown in Figure 6. Figure 8a illustrates stripping a 
length of optical fiber 1 of its buffer layer to expose its cladding layer and provide 
stripped section la, inserting optical fiber 1 through spacer tube 20 so that the back end 
of stripped section la aUgns with the front face of spacer tube 20, and inserting adhesive 
21 so as to adhere the inner surface of spacer tube 20 to the buffer of optical fiber 1. 
Figure 8b illustrates inserting adhesive 19a into fiber receiving recess 25, inserting 
stripped section la through the bore of cap ferrule 16. Figure 8b also illustrates sHding 
the subassembly of Figure 8a into back section 26 so that the front face of spacer tube 20 
is located against fiber receiving recess 25 and the back end of spacer tube 20 protrudes 
out of the back end of cap ferrule 16, and inserting adhesive 19b so as to adhere the outer 
surface of spacer tube 20 to the inner surface of cap ferrule 16. 

[0051] Figure 8c illustrates inserting sealing ferrule 4 into the bore of outer sleeve 2, so 
that sealing ferrule 4 is substantially in Section A and the front face of seaUng ferrule 4 
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protrudes from the front end of outer sleeve 2. Figure 8c also illustrates hermetically 
sealing outer sleeve 2 to sealing ferrule 4 through ferrule seal 8. Figure 8d illustrates 
inserting stripped section la through the bore of sealing ferrule 16 and inserting insertion 
taper 24, of the subassembly of Figure 8b, into Section B of outer sleeve 2. Figure 8e 
illustrates inserting the subassembly of Figure 8b into the subassembly of Figure 8c so 
that the front section of cap ferrule 16 is substantially within Section B and back section 
26 of cap ferrule 16 protrudes out of the back of outer sleeve 2. Figure 8e also illustrates 
inserting adhesive 17 so as to adhere the outer surface of cap ferrule 16 to the inner 
surface of outer sleeve 2, Section B. 

[0052] As should be clear from the embodiments described above, the present invention 
provides structures and methods for forming a hermetically sealed connection between an 
optical fiber and an optical device. 

[0053] Those skilled in the art will appreciate that various modifications can be made in 
the present invention without departing from the spirit or scope of the invention. The 
specification and examples are exemplary only, and the present invention includes 
modifications and variation thereof provided they come within the scope of the appended 
claims and their equivalents. 
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